PHYSICAL WORLD, UNITS AND DIMENSIONS & ERRORS IN MEASUREMENTS 
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PHYSICAL WORLD 
e The Word science originates from the Latin verb scientia meaning “to know” 
e The Sanskrit word ‘Vijnan’ and Arabic word ‘Ilm’ convey similar meaning namely ‘knowledge’. 
Scientific Method 
A systematic attempt to understand natural phenomena in as much detail and depth as possible and use the 
knowledge so gained to predict, modify and control phenomena. 
The scientific method involves several inter connected steps :- 
(I) Systematic observations 
(ii) Controlled experiments 
(iii) Qualitative and quantitative reasoning 
(iv) Mathematical modelling 
(v) Prediction and 
(vi) Verification or falsification of theories 
e Physics comes from a Greek word “Fusis” meaning nature. 
Unification 
To explain diverse physical phenomena in terms of a few concepts and laws. The effort to see the physical world 
as manifestation of some universal laws in different domains and conditions is called unification. 
Example :- The attempts to unify fundamental forces in nature 
Progress in unification of different forces/ domains in nature 


N th 
eee of Achievement in unification 
physicist 
Unified celestial and terrestrial mechanics: showed that 
Isaac Newton the same laws of motion and the law of gravitation apply 


to both the domains. 


Hans Christian Oersted Showed that electric and magnetic phenomena are 


Michael Faraday Inseparable aspects of a unified domain : electromagnetism 


Unified electricity, magnetism and optics : showed that light is an 


James Clerk Maxwell 1873 : 
electromagnetic wave 

Sheldon Glashow, Showed that the 'weak' nuclear force and the electromagnetic 
Abdus Salam, force could be viewed as different aspects of a single 

Steven Weinberg electro-weak force. 


Carlo Rubia, 1984 


Verified experimentally the predictions of the theory of 
Simon Vander Meer electro-weak force 


Reductionism 
A related effort is to derive the properties of bigger, more complex, system from properties and interaction of 
its constituent simpler part is called reductionism. 


Scope and Excitement of Physics 

(i) Macroscopic : Macroscopic domain includes phenomena at the laboratory, terrestrial and astronomical 
scales. 
These phenomena are studied in *classical Physics" which includes mechanics, 
thermodynamics, optics and electrodynamics. 

(ii) Microscopic : The microscopic domain includes atomic, molecular and nuclear phenomena. These 
phenomena are governed by “Quantum Physics”. 


GOLDEN KEY POINTS 


Range of length —> 107m to 1076m 

Range of mass — 107? kg to 1022 kg 

Range of time > 107? s to 1018s 

Terrestrial phenomena lie somewhere in middle of the above range. 
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Excitement 
The basic laws are simple and universal. It is a source of wonder that such vast realms of experience can be 
summarized in a single sentence or equation. Einstein put it well when he remarked that 
“The most incomprehensible thing about the universe is that it is comprehensible” 
“No number of experiments can prove me right, a single experiment can prove me wrong” 


SOME PHYSICISTS FROM DIFFERENT COUNTRIES OF THE WORLD AND THEIR MAJOR CONTRIBUTIONS 


Isaac Newton Universal law of gravitation,Laws of U.K. 
motion, Reflecting telescope 
Michael Faraday Laws of electromagnetic induction 


James Clerk Maxwell Electromagnetic theory, Light-an U.K. 
electromagnetic wave 
Heinrich Rudolf Hertz Generation of electromagnetic waves 
Ultra short radio waves 


J.J. Thomson 


Maric Sklodowska Curie| Discovery of radium and polonium, Studies | Poland 
on natural radioactivity 

Albert Einstein Explanation of photoelectric effect: Germany 
Theory of relativity 


Victor Francis Hess Cosmic radiation Austria 


Paul Dirac Relativistic theory of electron: U.K. 
Quantum statistics 


Edwin Hubbi 


Ernest Orlando Cyclotron U.S.A. 
Lawrence 


S. Chandrasekhar Chandrasekhar limit, structure and India 
evolution of stars 


John Bardeen Transistors: Theory of super conductivity 


Abdus Salam Unification of weak and electromagnetic Pakistan 
interactions 
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LINK BETWEEN TECHNOLOGY AND PHYSICS 


Technology Scientific principle(s) 
Laws of thermodynamics 
Controlled nuclear fission 


electromagnetic waves 


Hydroelectric power Conversion of gravitational potential energy 
aie E ne 
Electron microscope Wave nature of electrons 


Telescope (GMRT) 
and magnetic fields 


Fundamental forces in Nature 
Few fundamental forces in nature are :- 


Gravitational Force 

e Gravitational force is weakest force in nature 

e It is the force of mutual attraction between any two objects by virtue of their masses 

e It isa universal force. 

e It plays a key role in the large scale phenomena of universe such as formation and evolution of stars, 
galaxies and galactic clusters 

e The gravitational force is appreciable only when at least one of the two bodies has a large mass. 

e They are always attractive in nature. 


Electromagnetic Force 

e Electromagnetic force is the force between charge particles. 

When charges are at rest, the force is given by coulomb’s law. 

When charges are in motion, they produce magnetic field giving rise to a force on a moving charge. 

Electric and magnetic effects are in general inseparable; hence the name electromagnetic force. 

Like the gravitational force, electromagnetic force act over large distances and does not need any intervening 

medium. 

e Itis quite strong compared to gravity. 

e For example electric force between two protons is 10? times the gravitational force between them, for a 
certain distance. 

e They are attractive as well as repulsive in nature. 


Strong Nuclear Force 

e The strong nuclear force binds protons and neutrons in a nucleus. It is evident that without some attractive 
force, a nucleus will be unstable due to electric repulsion between protons. 

e The strong nuclear force is the strongest of all fundamental forces. 

e It is charge independent. 

e Itis equal for protons and neutrons. 
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1.6 


1.7 


e It’s range is extremly small of the order nuclear dimensions (1071? m) 

e It is responsible for the stability of nuclei. 

e Recent developments have however indicated that protons and neutrons are composed of still more elementry 
constituents called quarks. 

Weak nuclear force 

e The weak nuclear force appears only in certain nuclear processe B-decay of a nucleus. 

e In p-decay the nucleus emits an electron and an uncharged particle called anti-neutrino. 

e The weak nuclear force is not as weak as the gravitational force but much weaker than strong nuclear force. 

e The range of weak nuclear fore is exceedingly small of the order 10716 m 


Fundamental force of nature 


Name Relative Range Operates among Mediating 
T particle 
Gravitational force All objects in the universe 
"EE 


Work nuclear force Very short, Sub- Some elementary particles, 
particularly electron and 


Electromagnetic EE am Infinite sd [Charged particles — particles Photon — | 


Strong nuclear force |1 Short nuclear size a heavier —— 
079 m ; 
elementary particles 


Nature of Physical Laws 

Law of Physics is a statement in word form or in equation form that summarises the result of experiments and 
observation for a certain range of physical phenomena. 

e Alaw can not be proved. 

e Anew development in Physics may extend the range of validity of a law. 

e They exists in simple form. 


Conservation laws 

Some physical quantities that remain conserved (constant), are called conserved quantities. The law governing 

the conservation quantity in a process is called conservation law. 

Some basic conservation laws are as follows : 

« Law of conservation of energy : Total energy of a system remains conserved. 

e Law of conservation of charge : Total charge of an isolated system remains conserved 

e Law of conservation of linear momentum : In absence of external force, Linear momentum of a system 
remains conserved. 

e Law of conservation of angular momentum : In absence of external Torque, Angular momentum of a 
system remains conserved. 


UNITS AND DIMENSIONS 
Physical Quantities 
All the quantities which are used to describe the laws of physics are known as physical quantities. 
Classification : Physical quantities can be classified on the following basis : 
1. Based on their directional properties 
I. Scalars : The physical quantities which have only magnitude but no direction are called scalar quantities. 
e.g. mass, density, volume, time, etc. 
II. Vectors : The physical quantities which have both magnitude and direction and obey laws of vector 
algebra are called vector quantities. 
e.g. displacement, force, velocity, etc. 
2. Based on their dependency 
L Fundamental or base quantities : The quantities which do not depend upon other quantities for their 
complete definition are known as fundamental or base quantities. 
e.g. length, mass, time, etc. 
Il. Derived quantities : The quantities which can be expressed in terms of the fundamental quantities are 
known as derived quantities . 
e.g. Speed (=distance/time), volume, accelaration, force, pressure, etc. 
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GOLDEN KEY POINTS 


e Physical quantities can also be classified as dimensional or dimensionless and constant or variable. 


e Some physical quantities can not be completely specified even by specifying their magnitude, unit and direction. 
These quantities are called fensors. e.g. Moment of Inertia. 


Illustrations 


Illustration 1. 
Classify the quantities displacement, mass, force, time, speed, velocity, accelaration, pressure and work under the 
following categories : 


(a) base and scalar (b) base and vector 

(c) derived and scalar (d) derived and vector 
Solution. 

(a) mass, time (b) displacement 

(c) speed, pressure, work (d) force, velocity, acceleration 


2.2 Units of Physical Quantities 


The chosen reference standard of measurement in multiples of which, a physical quantity is expressed is called 
the unit of that quantity. 


System of Units : 


(i) ^ FPS or British Engineering system - In this system length, mass and time are taken as fundamental 
quantities and their base units are foot (ft), pound (Ib) and second (s) respectively. 


(ii) ^ CGS or Gaussian system : In this system the fundamental quantities are length, mass and time and 
their respective units are centimetre (cm), gram (g) and second (s). 


(iii) MKS system : In this system also the fundamental quantities are length, mass and time and their 
fundamental units are metre (m), kilogram (kg) and second (s) respectively. 


(iv) International system (SI) of units : This system is modification of the MKS system and so it is also 
known as Rationalised MKS svstem. Besides the three base units of MKS system four fundamental and 
two supplementary units are also included in this system. 


SI BASE QUANTITIES AND THEIR UNITS 
S. No. Physical quantity 


While defining a base unit or standard for a physical quantity the following characteristics must be 


considered : 

(i) Well defined (ii) Invariability (constancy) 

(ii) Accessibility (easy availability) (iv) Reproducibility (v) Convenience in use 
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2.3 Classification of Units 
The units of physical quantities can be classified as follows : 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


Fundamental or base units : The units of fundamental quantities are called base units. In SI there are 
seven base units. 


Derived units : The units of derived quantities or the units that can be expressed in terms of the base 
units are called derived units. 


unit of distance metre = 


unit of speed= = = 
a B unit of time second 
Some derived units are named in honour of great scientists. 
e.g. unitof force - newton (N), unit of frequency - hertz (Hz), etc. 


Supplementary units : [n International System (SI) of units two supplementary units are also defined viz. 

radian (rad) for plane angle and steradian (sr) for solid angle. 

e radian: 1 radian is the angle subtended at the centre of a circle by an arc equal in length to the radius 
of the circle. 

e Steradian : 1 steradian is the solid angle subtended at the centre of a sphere, by that surface of the 
sphere which is equal in area to the square of the radius of the sphere. 


Practical units : Due to the fixed sizes of SI units, some practical units are also defined for both 
fundamental and derived quantities. e.g. light year (ly) is a practical unit of distance (a fundamental 
quantity) and horse power (hp) is a practical unit of power (a derived quantity). 

Practical units may or may not belong to a particular system of units but can be expressed in any system 
of units. 

e.g. 1 mile = 1.6 km = 1.6 x 10°m = 1.6 x 105 cm. 


Improper units : These are the units which are not of the same nature as that of the physical quantities for 
which they are used. e.g. kg - wt is an improper unit of weight. Here kg is a unit of mass but it is used to 
measure the weight (force). 


UNITS OF SOME PHYSICAL QUANTITIES IN DIFFERENT SYSTEMS 


Type of Physical CGS MKS FPS 


Physical Quantity (Originated in (Originated in (Originated in 


Quantity France) France) Britain) 


Fundamental 


Ls | o | e ë | e 


. Work or erg joule (J) ft - poundal 
Derived 
Energy 


Conversion factors 

To convert a physical quantity from one set of units to the other, the required multiplication factor is called 
conversion factor. 

Magnitude of a physical quantity = numeric value (n) x unit (u) 

While converting from one set of units to other, the magnitude of the quantity must remain same. Therefore 


or nu = constant or no-— 
u 


That is the numeric value of a physical quantity is inversely proportional to the unit. 


e.g. 


Im = 100cm= 3.28 ft = 39.4 inch 
(SI) (CGS) (FPS) 
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Illustrations 


Illustration 2. 

The acceleration due to gravity is 9.8 m/s?. Give its value in ft/s? 
Solution 

As 1m = 3.2 ft 

9.8 m/s? = 9.8 x 3.28 ft/s? = 32.14 ft/s? x 32 ft/s? 


BEGINNER'S BOX-1 


1. The value of Gravitational constant G in MKS system is 6.67 x 10-1! N-m?/kg? . What will be its value in CGS 
system ? 


2. Match the type of unit (column A) with its corresponding example (column B) 


(a) Base unit 
(b) Derived SI unit 


c) Improper unit 


( 
(d) Practical unit 
( 


e) Supplementary unit 


2.4 Dimensions : Dimensions of a physical quantity are the powers (or exponents) to which the base quantities 
are raised to express that quantity. 


Dimensional formula : The dimensional formula of any physical quantity is that expression which represents how and 
which of the base quantities are included in that quantity. 

It is written by enclosing the symbols for base quantities with appropriate powers in square brackets i.e. [] 

e.g. Dimensional formula of mass is [M!L? T°] and that of speed (= distance/time) is [M°L!T-}] 


Dimensional equation : The equation obtained by equating a physical quantity with its dimensional formula is 
called a dimensional equation. e.g. [v] = [M°L'T"] 

For example [F] = [MLT~] is a dimensional equation, [MLT~?] is the dimensional formula of the force and the 
dimensions of force are 1 in mass, 1 in length and -2 in time 


2.5 Applications of dimensional analysis : 
(i) To convert a physical quantity from one system of units to the other : 
This is based on the fact that magnitude of a physical quantity remains same whatever system is used for 
measurement i.e. magnitude = numeric value (n) x unit (u) = constant or n,u, = n,u, 


- sais " (M Y(L,V(TY 
f titvi t aT t i = 
o if a quantity is represented by en (2) "UM, ] ka | Ur) 
Here n, = numerical value in II system n, = numerical value in I system 
M, = unit of mass in I system M, = unit of mass in II system 
L, = unit of length in I system L, = unit of length in II system 
T, = unit of time in I system T, = unit of time in II system 


Illustrations 
Illustration 3. 
Convert 1 newton (SI unit of force) into dyne (CGS unit of force) 
Solution 
The dimensional equation of force is [F] = [M! L! T?] 
Therefore if n,, u,, and n,, u, corresponds to SI & CGS units respectively, then 


M, TTL, TIT, T? [ka Im Ts T 
n= M L T =1 r am =1>K 1000x100 x1=10° .. 1 newton = 10° dyne. 
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(ii) | To check the dimensional correctness of a given physical relation : 
If in a given relation, the terms on both the sides have the same dimensions, then the relation is dimensionally 
correct. This is known as the principle of homogeneity of dimensions. 


Illustrations 


Illustration 4. 


L 
Check the accuracy of the relation T = ANG for a simple pendulum using dimensional analysis. 


Solution 
The dimensions of LHS = the dimension of T= [M° L? T}] 


dimensions of length 


1/2 
The dimensions of RHS = | ) ( 2r is a dimensionless constant) 


dimensions of acceleration 


L 1/2 
2]1/2 Oro TI 
-| = [TAYA = [T] =| M L° T] 


Since the dimensions are same on both the sides, the relation is correct. 


(iii) To derive relationship between different physical quantities : 
Using the same principle of homogeneity of dimensions new relations among physical quantities can be derived 
if the dependent quantities are known. 


Illustrations 


Illustration 5. 
It is known that the time of revolution T of a satellite around the earth depends on the universal gravitational 


constant G, the mass of the earth M, and the radius of the circular orbit R. Obtain an expression for T using 
dimensional analysis. 
Solution 
We have [T] < [GP [M} [RI 
> [MP [LP [TF = [MFF [L] [TT x [M] x[L] = [M]? [L] [T]? 


Comparing the exponents 


1 1 
For [T]: 1 =-2a > a= 2 For [M]: 0-b-a b=a= 5 


3 
For [L]: 0=c+3a > c=-3a= 5 


3 


Putting the values we get T oc G1? M1? R? >T o GM 


R? 
The actual ionis T = 21,|—— 
e actual expression 1S Tt GM 


2.6 Dimensions of Some Mathematical Functions 
Dimensions of differential coefficients and integrals 


d"y y 
In General l | = EH d dx] = 
dx” x | ify [vx] 
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Illustrations 
Illustration 6. 
Find dimensional formula : 
, dx aoi Ux 
(i) dt (ii) TS 


where x displacement, t— time, v — velocity and a acceleration 


(ii) [vt iv) ['adt 


Solution 


0 [S EHE wert o [st mE HE Peer 


(ii) | Í vdt |=[vt]=[LT>xr]=[M°LT"] (iv) | J adt |-[at] -[LT?xr]-[w?tT?] 


Dimensions of trigonometric, exponential, logarithmic functions etc. 
All trigonometric, exponential and logarithmic functions and their arguments are dimensionless. 
Note : Trigonometric function like sin0 and its argument 0 are dimensionless. 


Illustrations 
Illustration 7. 


F. 
If a = Vm Pt , find dimensions of a and fl. Here v = velocity, F = force and t = time. 


Solution 
Here sin Bt and Dt must be dimensionless 


So [pt] - 1 [P] H r1; [al [ Eng] - [5 - [MET pac 


2.7 Limitations of this method 


e In Mechanics the formula for a physical quantity depending on more than three physical quantities cannot be 


derived. It can only be checked. 


e This method can be used only if the dependency is of multiplication type. The formulae containing exponential, 
trigonometrical and logarithmic functions cannot be derived using this method. Formulae containing more than 


one term which are added or subtracted like s = ut + lat also cannot be derived. 


e The relation derived from this method gives no information about the dimensionless constants. 


e [f dimensions are given, physical quantity may not be unique as many physical quantities have the same 


dimensions. 


e It gives no information whether a physical quantity is a scalar or a vector. 


BEGINNER'S BOX-2 


1. Match the following : 


(i) Dimensional variable (a) x 

(ii) Dimensionless variable (b) Force 

(iii) Dimensional constant (c) Angle 

(iv) Dimensionless constant (d) Gravitational constant 


2. Find the dimensions of the following quantities : 
(a Temperature (b) Kinetic energy (c) Pressure (d) Angular speed 
3. Find the dimensions of Planck's constant (h). 


4. Centripetal force (F) on a body of mass (m) moving with uniform speed (v) in a circle of radius (r) depends upon 


m, v and r. Derive a formula for the centripetal force using theory of dimensions. 
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3. ERRORS IN MEASUREMENTS 

3.1 Significant Figures or Digits 
Significant figures (SF) in a measurement are the figures or digits that are known with certainity plus one that is 
uncertain (i.e. Last digit). 
Significant figures in a measured value of a physical quantity tell the number of digits in which we have confidence. 
Larger the number of significant figures obtained in a measurement, greater is its accuracy and vice versa. 


Rules to find out the number of significant figures 

I Rule : All the non-zero digits are significant e.g. 1984 has 4 SF. 

liRul  : All the zeros between two non-zero digits are significant. e.g. 10806 has 5 SF. 

H Rule : All the zeros to the left of first non-zero digit are not significant. e.g.00108 has 3 SF. 


IV Rule : If the number is less than 1, zeros on the right of the decimal point but to the left of the first non- 
zero digit are not significant. e.g. 0.002308 has 4 SF. 


V Rule : The trailing zeros (zeros to the right of the last non-zero digit) in a number with a decimal point 
are significant. e.g. 01.080 has 4 SF. 


VI Rule : The trailing zeros in a number without a decimal point may not be significant e.g. 010100 has 
3 SF. 


VII Rule : When the number is expressed in exponential form, the exponential term does not affect the 
number of S.F. For example in x = 12.3 = 1.23 x 10! = 0.123 x 10? 


= 0.0123 x 10? = 123 x10 -t each term has 3 SF only. 
Rules for arithmetical operations with significant figures 


I Rule : In addition or subtraction the number of decimal places in the result should be equal to the 
number of decimal places of that term in the operation which contain lesser number of decimal 
places. e.g. 12.587 — 12.5 = 0.087 = 0.1(-- second term contain lesser i.e. one decimal place) 


I Rule : In multiplication or division, the number of SF in the product or quotient is same as the smallest 
number of SF in any of the factors. e.g. 2.4 x3.65 = 8.8 


GOLDEN KEY POINTS 


e To avoid confusion regarding the trailing zeros of the numbers without the decimal point the best way is to 
report every measurement in scientific notation (in the power of 10). In this notation every number is expressed 
in the form a x 105, where a is the base number between 1 and 10 and b is any positive or negative exponent 
of 10. The base number (a) is written in decimal form with the decimal after the first digit. While counting the 
number of SF only base number is considered (Rule VII). 


e The change in the unit of measurement of a quantity does not affect the number of SF. For example in 2.308 
cm = 23.08 mm = 0.02308 m = 2.308 x 104 um each term has 4 SF. 
Illustrations 


Illustration 8. 
Write down the number of significant figures in the following. 


(a) 165 (b) 2.05 (c) 34.000 m (d) 0.005 
(e) 0.02340 N m? (f) 26900 (g) 26900 kg 
Solution 
(a) 165 3SF (following rule I) 
(b) 2.05 3 SF (following rules I & IT) 
(c) 34.000 m 5 SF (following rules I & V) 
(d) 0.005 1SF (following rules I & IV) 
(e) 0.02340 N m= 4 SF (following rules I, IV & V) 
(f) 26900 3 SF (see rule VI) 
(g) 26900 kg 5 SF (see rule VI) 
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BEGINNER'S BOX-3 


1. Write the following in scientific notation : 


(a) 3256 g (b) 0.0010 g (c) 50000 g (d) 0.3204 
2. Give the number of significant figures in the following : 
(a) 0.165 (b) 4.0026 (c) 0.0256 (d) 201 
(e) 0.050 (f 2.653 x 10* (g) 6.02 x 10? (h) 0.0006032 
3. From the point of view of significant figures which of the following statements are correct ? 
(i) 10.2 cm + 8 cm = 18.2 cm (ii) 2.53m- 1.2 m = 1.33 m 
liii) 4.2 m x 1.4 m = 5.88 m? (iv) 3.6 m / 1.75 sec = 2.1 m/s 


(1) (i) & (iv) only (2) (ii) & (ii) only (3) (iv) only (4) (ii) & (iv) only 
3.2 Rounding Off 


To represent the result of any computation containing more than one uncertain digit, it is rounded off to 
appropriate number of significant figures. 
Rules for rounding off the numbers : 
IRule : If the digit to be rounded off is more than 5, then the preceding digit is increased by one. 
e.g. 6.87% 6.9 
liRule : Ifthe digit to be rounded off is less than 5, then the preceding digit is left unchanged. 
e.g. 3.94 = 3.9 
Wi Rule : Ifthe digit to be rounded off is 5 then the preceding digit is increased by one if it is odd and is left 
unchanged if it is even. e.g. 14.35 ~ 14.4 and 14.45 ~ 14.4 
Ex. The following values can be rounded off to four significant figures as follows : 
(a) 36.879 «36.88 (79-5 ..7 is increased by one i.e.I Rule) 
(b) 1.0084 ~1.008 (°° 4<5 ..8is left unchanged i.e. II Rule) 
(c) 11.115 211.12 ( '- last 1 is odd it is increased by one i.e.III Rule) 
(d 11.1250 «11.12 ( '- 2 is even it is left unchanged i.e. III Rule) 
( 


(e) 11.1251 «11.13 < 51> 50 ~. 2 is increased by 1 i.e. I Rule) 
Illustrations 


Illustration 9. 


The length, breadth and thickness of a metal sheet are 4.234 m, 1.005 mand 2.01 cm respectively. Give the 
area and volume of the sheet to correct number of significant figures. 


Solution 
length (4) = 4.234 m breadth (b) = 1.005 m thickness (t) = 2.01 cm = 2.01 x 102 m 
Therefore area of the sheet = 2(/x b + bxt + tx?) 
= 2( 4.234 x 1.005 + 1.005 x 0.0201 + 0.0201 x 4.234) m? 
= 2 (4.3604739) m? = 8.720978 m? 
Since area can contain a maximum of 3 SF therefore, rounding off, we get: Area = 8.72 m? 
Likewise volume = x bx t2 4.234 x 1.005 x 0.0201 m? 2 0.0855289 m? 
Since volume can contain 3 SF, therefore after rounding off, we get : Volume = 0.0855 m? 


BEGINNER'S BOX-4 


1. | Round off the following numbers as indicated: 

(a) 25.653 to 3 digits (b) 4.996 x 105 to 3 digits (c) 0.6995 to 1digit 

(d) 3.350 to 2 digits (e) 0.03927 kg to 3 digits (f) 4.085 x 10$ s to 3 digits 
2. Calculate area enclosed by a circle of diameter 1.06 m to correct number of significant figures. 
3. Subtract 2.5 x 10* from 3.9 x 10° and give the answer to correct number of significant figures. 


4. The mass of a box measured by a grocer's balance is 2.3 kg. Two gold pieces of masses 20.15 g and 
20.17 g are added to the box. What is (a) total mass of the box (b) the difference in masses of gold pieces to 
correct significant figures. 
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3.3 Order of Magnitude 


Order of magnitude of a quantity is the power of 10 required to represent that quantity. This power is determined 
after rounding off the value of the quantity properly. For rounding off, the last digit is simply ignored if it is less 
than 5 and, is increased by one if it is 5 or more than 5. 


e When a number is divided by 10* (where x is the order of the number) the result will always lie 
between 0.5 and 5 i.e. 0.5 < N/10* < 5 
Ex. Order of magnitude of the following values can be determined as follows : 


(a) 49 - 4.9 x 10! ~ 10! 5 Order of magnitude = 1 

(b) 51 = 5.1 x 10! = 10? i Order of magnitude = 2 

(c) 0.049 - 4.9 x 107? «107? 5 Order of magnitude = -2 

(d) 0.050 = 5.0 x 102 ~ 10 i Order of magnitude = -1 

(e) 0.051 = 5.1 x 10? = 107 & Order of magnitude - -1 
e Accuracy, Precision of Instruments and Errors in Mesurement 


Accuracy and Precision : The result of every measurement by any measuring instrument contains some 
uncertainty. This uncertainty is called error. Every calculated quantity which is based on measured value, also 
has an error. Every measurement is limited by the reliability of the measuring instrument and skill of the person 
making the measurement. If we repeat a particular measurement, we usually do not get precisely the same 
result as each result is subjected to some experimental error. This imperfection in measurement can be described 
in terms of accuracy and precision. The accuracy of a measurement is a measure of how close the measured 
value is to the true value of the quantity. Precision tells us to what resolution or limit the quantity is measured, 
we can illustrate the difference between accuracy and precision with help of a example. Suppose the true 
value of a certain length is 1.234 cm. In one experiment , using a measuring instrument of resolution 
0.1 cm, the measured value is found to be 1.1cm, while in another experiment using a measuring device 
of greater resolution of 0.01 cm, the length is determined to be 1.53cm. The first measurement has more 
accuracy (as it is closer to the true value) but less precision (as resolution is only 0.1 cm), while the second 
measurement is less accurate but more precise. 


Illustrations 
Illustration 10. 


Two clocks are being tested against a standard clock located in the national laboratory. At 10:00:00 AM 
by the standard clock, the readings of the two clocks are : 


E 
I 10:00:05 
2" 10:01:12 


4" 10:01:13 
5^ 9:58:10 


If you are doing an experiment that requires precision time interval measurments, which of the two clocks 
will you prefer ? 


3:59.08 


(1) Clock A (2) Clock B 
(3) Either Clock A or B (4) Neither A nor B 
Solution 


The average reading of clock A is much closure to the standard time than the average reading of clock B 
and the range of variation over the 5 days of observation is much smaller for clock B. As here clock's zero 
error is not significant for precision work, because a zero error can always be easily corrected. Hence, clock 
B is to be preferred to clock A. 
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Give the order of the following : 


(a) 1 (b) 1000 

(c) 499 (d) 500 

(e) 501 (f) 1 AU (1.496 x 10!! m) 

(g) 1À (107° m) (h) Speed of light ( 3.00 x 10? m/s) 

(i) Gravitational constant ( 6.67 x 107! N - m?/kg?) (j) Avogadro constant (6.02 x 1073 mol -!) 

(k) Planck's constant (6.63 x 107 J-s) (I) Charge on electron (1.60 x 10 -° C) 

(m) Radius of H- atom (5.29 x 10 im) (n) Atmospheric pressure (1.01 x 105 Pa) 
( 


(o) Mass of earth (5.98 x 10% kg) p) Mean radius of earth (6.37 x 10° m) 


Errors 

The difference between the true value and the measured value of a quantity is known as the error in measurement. 
Errors may result from different sources and are usually classified as follows :- 

Systematic or Controllable Errors 


Systematic errors are the errors whose causes are known. They can be either positive or negative. Due to the 
known causes these errors can be minimised. Systematic errors can further be classified into three categories : 


(i) Instrumental errors :- These errors are due to imperfect design or erroneous manufacture or misuse 
of the measuring instrument. These can be reduced by using more accurate instruments. 


(ii) ^ Environmental errors :- These errors are due to the changes in external environmental conditions such 
as temperature, pressure, humidity, dust, vibrations or magnetic and electrostatic fields. 


(iii) | Observational errors :- These errors arise due to improper setting of the apparatus or carelessness in 
taking observations. 


Random Errors :- 


These errors are due to unknown causes. Therefore they occur irregularly and are variable in magnitude and 
sign. Since the causes of these errors are not known precisely, they can not be eliminated completely. For 
example, when the same person repeats the same observation in the same conditions, he may get different 
readings different times. 


Random erros can be reduced by repeating the observations a large number of times and taking the arithmetic 
mean of all the observations. This mean value would be very close to the most accurate reading. 


1 
Note :- If the number of observations is made n times then the random error reduces to (2) times. 


Example :- If the random error in the arithmetic mean of 100 observations is 'x' then the random error in the 


x 
arithmetic mean of 500 observations will be — 


5 


Gross Errors : Gross errors arise due to human carelessness and mistakes in taking reading or calculating and 
recording the measurement results. 


For example :- 

(i) Reading instrument without proper initial settings. 

(ii) Taking the observations wrongly without taking necessary precautions. 
(ii) Committing mistakes in recording the observations. 


(iv) Putting improper values of the observations in calculations. 
These errors can be minimised by increasing the sincerity and alertness of the observer. 
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Representation of Errors 

Errors can be expressed in the following ways :- 

Absolute Error (Aa) : The difference between the true value and the individual measured value of the quantity 
is called the absolute error of the measurement. 


Suppose a physical quantity is measured n times and the measured values are a}, a,, a, .......... a,. The arithmetic 
1 n 
‘ ay tag tg tees an 
mean (a ) of these valuesis a = = Ai 


If the true value of the quantity is not given then mean value (a,,) can be taken as the true value. Then the 
absolute errors in the individual measured values are — 
=a -a 


The arithmetic mean of all the absolute errors is defined as the final or mean absolute error (^a), or Aa of the 


[ay [+1 dap [tnt lAa IS Aa | 
= i 
ni 


value of the physical quantity a (Aa), = " 


So if the measured value of a quantity be 'a' and the error in measurement be Aa, then the true value (a) can be 
writtenas a =a t Aa 
Relative or Fractional Error : It is defined as the ratio of the mean absolute error ((Aa),, or Aa) to the true 


value or the mean value (a, or a) of the quantity measured. 


Mean absolute error _ (^a), ^a 
Mean value am @ 


Relative or fractional error = 


When the relative error is expressed in percentage, it is known as percentage error, 
percentage error = relative error x 100 


mean absolute error x10096 — ^a x 10006 
a 


Or ercentage error = 
p g true value 


Propagation of Errors in Mathematical Operations 

Rule I : The maximum absolute error in the sum or difference of the two quantities is equal to the sum of the 
absolute errors in the individual quantities. 

IfX =A+BorX=A-Band if +AA and LAB represent the absolute errors in A and B respectively, then 


AX 
the maximum absolute error in X is AX = AA + AB and Maximum percentage error = xX x 100 


AX 
The result will be written as X + AX (in terms of absolute error) or X + x” 100 % (in terms of percentage 


error) 
Rule II : The maximum fractional or relative error in the product or quotient of quantities is equal to the sum of 
the fractional or relative errors in the individual quantities. 
A AX AA AB 

If X = AB X-— th = + 

or B en X ( A B ) 
Rule III : The maximum fractional error in a quantity raised to a power (n) is n times the fractional error in the 
quantity itself, i.e. 


f X-A den A = ne) 
AX AA AC 
i X= ABC then x = (De) + al) el 
PRA 
i Ke M thea X e Ip y eq) e Cl 
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GOLDEN KEY POINTS 


e Systematic errors are repeated consistently with the repetition of the experiment and are produced due to 
improper conditions or procedures that are consistent in action whereas random errors are accidental and 
their magnitude and sign cannot be predicted from the knowledge of the measuring system and conditions of 
measurement. 


Systematic errors can therefore be minimised by improving experimental techniques, selecting better 
instruments and improving personal skills whereas random errors can be minimised by repeating the observations 
several times. 


e Mean absolute error has the units and dimensions of the quantity itself whereas fractional or relative error is 
unitless and dimensionless. 


e Absolute errors may be positive in certain cases and negative in other cases. 


Illustrations 
Illustration 11. 


Following observations were taken with a vernier callipers while measuring the length of a cylinder. 


3.29 cm, 3.28 cm, 3.29 cm, 3.31 cm, 3.28 cm, 3.27 cm, 3.29 cm, 3.30 cm 
Then find 

(a) Most accurate length of the cylinder. (b) Absolute error in each observation. 

(c) Mean absolute error (d) Relative error 


(e) Percentage error 
Express the result in terms of absolute error and percentage error. 
Solution 


(a) Most accurate length of the cylinder will be the mean length (7) 


d 3.29 + 3.28 + 3.29 + 3.314 3.28 + 3.27 4 3.29 4 3.30 
8 

(D ^ Absolute error in the first reading = 3.29 — 3.29 = 0.00 cm 
Absolute error in the second reading = 3.29 — 3.28 = 0.01 cm 
Absolute error in the third reading = 3.29 - 3.29 = 0.00 cm 
Absolute error in the forth reading = 3.29 - 3.31 = -0.02 cm 
Absolute error in the fifth reading = 3.29 — 3.28 = 0.01 cm 
Absolute error in the sixth reading = 3.29 - 3.27 = 0.02 cm 
Absolute error in the seventh reading = 3.29 - 3.29 = 0.00 cm 
Absolute error in the last reading = 3.29 - 3.30 = -0.01 cm 


= 3.28875 cm or 9 = 3.29 cm 


0.00 + 0.01 + 0.00 + 0.02 + 0.01 + 0.02 + 0.00 + 0.01 


(c) Mean absolute error = A? = : = 0.01 cm 
(d Relative error in length = = = a = 0.0030395 = 0.003 
(e) Percentage error = = x 100 = 0.003 x 100 = 0.3% 
So length ¢ = 3.29 cm +0.01 cm (in terms of absolute error ) 
or £ = 3.29 cm +0.30% (in terms percentage error ) 
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Illustration 12. 
The inital and final temperatures of water as recorded by an observer are (40.6 + 0.2)°C and 
(78.3 + 0.3)°C. Calculate the rise in temperature with proper error limits. 
Solution 
Given 0, = (40.6 + 0.2)°C and 0, = (78.3 + 0.3)°C 
Rise in temp. 0 = 0, - 0, = 78.3 - 40.6 = 37.7'C. 
A0 = +(AO, + AO,) = +(0.2 + 0.3) = +0.5°C -. rise in temperature = (37.7 + 0.5)°C 


Illustration 13. 

If a 2 8 + 0.08 and b = 6 + 0.06, let x =a + b,y =a-b,z = ab. 

The correct order of 96 error in x, y and z is 

(1)x 2v «z (2)x=y>z (3)x<z<y (4)x>z<y 
Solution Ans. (3) 


0.14 0.14 


x = a+b=1440.14>% error = 14 x100 =1%; y=a—b=2+40.14 5% error = x 100 = 7% 


z= ab = 48 + 0.96 => 96 error = ps 


x 100 =2% , Therefore order of 96 error is x < z < y 


Illustration 14. 
The side of a cube is (2.00 + 0.01) cm. The volume and surface area of cube are respectively 


(1) (8.00 + 0.12) cm, (24.0 + 0.24) cm? (2) (8.00 + 0.01) cm? (24.0 + 0.01) cm? 
(3) (8.00 + 0.04) cm? (24.0 + 0.06) cm? (4) (8.00 + 0.03) cm? (24.0 + 0.02) cm? 
Solution Ans. (1) 
Volume, V=a? = 8cm?, Also AV. 3 Bn > AV = sv( 42) = e (201) = 0.12cm? 
V a a 2.00 


Therefore V = (8.00 + 0.12)cm? 
Surface Area A = 6a? «6 (2.00)? = 24.0 cm? 


Also 2 2p" nk - 2a( £2) =2(24.0( 207] = 0.24 
A a a 2.00 


Therefore A = (24.0 + 0.24) cm? 


Illustration 15. 
A thin copper wire of length L increases in length by 2% when heated from T, to T,. If a copper cube having 
side 10 L is heated from T, to T, what will be the percentage change in 
(i) Area of one face of the cube and. 
(ii) ^ Volume of the cube. 
Solution 
(i) Area A=10Lx 10L2 1001? > A«I? 


^A AL 
96 change in area = Pus 100 =2x T x 100 =2 x 2% = 4% 
fii) Volume V = 10 L x 10L x 10 L= 1000 L? > V œ I? 


AV AL 
% change in volume = v* 100 = ST = 3 x 2% = 6% 


Conclusion - The maximum percentage change will be observed in volume, lesser in area and the least (minimum) 
change will be observed in length or radius. 
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Two rods have lengths measured as (1.8 + 0.2)m and (2.3 + 0.1)m. Calculate their combined length with error 
limits. 

The original length of wire is (153.7 + 0.6) cm. It is stretched to (155.3 + 0.2) cm. Calculate the elongation 
in the wire with error limits. 

Measure of two quantities along with the precision of respective measuring instrument is :- 


A = 2.5 m/s + 0.5 m/s B=0.10s x 0.01 s 
The value of AB will be :- 
(1) (0.25 + 0.08)m (2) (0.25 + 0.5) m (3) (0.25 + 0.05) m (4) (0.25 + 0.135) m 


The radius of a sphere is measured to be (2.1 + 0.5) cm. Calculate its surface area with absolute error limits. 


A physical quantity x is calculated from the relation x = a?b?/ [cd . Calculate percentage error in x, if a, b, c 


and d are measured respectively with an error of 196, 396, 496 and 2%. 
An object covers (16.0 + 0.4) m distance in (4.0 + 0.2)s. Find out its speed. 


Least Count : The smallest value of a physical quantity which can be measured accurately with an instrument 
is called its least count (L. C.). 

Least Count of Vernier Callipers : Suppose the size of one main scale division (M.S.D.) is M units and that 
of one vernier scale division (V. S. D.) is V units. Also let the length of 'a' main scale divisions is equal to the length 
of 'b' vernier scale divisions. 


aM=bV > 4=V=—M 


.M-V=M am- (5:3 
44 15 = b b 
[M 2MSD, V > VSD] 


Ls m-v=[2=2) 


The quantity (M- V) is called vernier constant (V. C.) 
or least count (L. C.) of the vernier callipers. 


Least Count of screw gauge or spherometer 
Main scale 


Spindle Circular (Head) scale 


= D 
AANE $ 
(oe, 


Linear (Pitch) 
Scale Thimble 


Pitch 
Total no. of divisions on the circular scale 
where pitch is defined as the distance moved by the screw head when the circular scale is given one complete 


Least Count = 


Distance moved by the screw on the linear scale 


NAN Ee Enc Number of full rotations given 


Note : With the decrease in the least count of the measuring instrument, the accuracy of the measurement 
increases and the error in the measurement decreases. 
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Illustrations 
Illustration. 16. 


One cm on the main scale of vernier callipers is divided into ten equal parts. If 20 divisions of vernier scale 
coincide with 18 small divisions of the main scale. What will be the least count of callipers ? 


Solution 


20 division of vernier scale = 18 division of main scale > 1 vsp-(35) MSD = 0.9 MSD 


Least count = 1 MSD - 1 VSD = 1 MSD - 0.9 MSD = 0.1 MSD 
1 
= 0.1 x 0.1 cm = 0.01 cm ( 1 MSD= 199-7 0.1 cm) 
Illustration 17. 


The n^ division of main scale coincides with (n + 1)^ division of vernier scale. Given one main scale division is 
equal to 'a' units. Find the least count of the vernier. 


Solution 


(n + 1) divisions of vernier scale = n divisions of main scale 


n 
“ 1 vernier division = — main scale division 
n 


+1 


Least count = 1 MSD-1VSD = (1 


1 
MSD = (—)MSD = —— 
nal n+l 


=) 
n+l 
Illustration 18. 


A spherometer has 100 equal divisions marked along the periphery of its disc, and one full rotation of the disc 
advances on the main scale by 0.01 cm. Find the least count of the system. 


Solution 
Given Pitch = 0.01 cm 


Pitch 0.01 
Total no. of divisions on the the circular scale 100 


.. Least count = cm = 10* cm. 


Illustration 19. 


1 
The least count of a stop watch is 5 second. The time of 20 oscillations of a pendulum is measured to be 25 


seconds. What is the percentage error in the measurement of time ? 


Solution 
: 1 0.2 
Error in measuring 25 s = g s= 0.2 sec. “. percentage error = z5% 100 = 0.8% 
Note : The final absolute error in this type of questions is taken to be equal to the least count of the measuring 
instrument. 


BEGINNER'S BOX-7 


1. One centimetre on the main scale of vernier callipers is divided into ten equal parts. If 20 divisions of vernier 
scale coincide with 19 small divisions of the main scale then what will be the least count of the callipers. 


2. Ifthe number of divisions on the circular scale is 100 and number of full rotations given to screw is 8 and 
distance moved by the screw is 4 mm, then what will be least count of the screw gauge ? 


3. | Aspherometer has 250 equal divisions marked along the periphery of its disc, and one full rotation of the disc 
advances by 0.0625 cm. on the main scale. What is the least count of the spherometer ? 
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|__| BEGINNER'S BOK-1 | 


|__| BEGINNER'S BOX-5 | 


L (6.67 x 10 cm?/g s) 1. (a0 (b) 3 (Q2 (d) 3 
2. (a) (9. 0; (© (i); ( > (ii); (€) > (9). (93 (11 (9-10 — (98 
-1 24 k) - 1) -1 

MU] BEGINNER'S BoX2 | | E ee 
(m-10 ^ (m5 (0) 25 (p 7 


1. Gb, (i) (©), (ii) (d), (iv) (a) 


2. (a) [M° L° T*K!] (o) [M L? T7] 
(c) [M L7 TA (d) [M L^ T] 
3. ML?T4 
mv? 
4. F-K— 
r 


|__| BEGINNER'S BOX-3 | 


1. (a) 3.256 x 10? g (b) 1.0 x 10?g 
(c) 5.0000 x 10*g (d) 3.204 x 10? 
2 (a) 3 (b) 5 (c) 3 (d) 3 
(e) 2 (4 (9) 3 (h) 4 
3 (3) 


|__| BEGINNER'S BOX-A | 


1. (9257 (95.00 x 105 (90.7 
(d) 3.4 (e) 0.0393kg — (4.08 x 108s 
2. 0.882 m? (3 SF) 
3. 36x10 
4. (a) Total mass = 2.3 kg 


(b) Difference in masses = 0.02g 


N mes 


|__| BEGINNER'S BOX-6 | 


1. (4.1 + 0.3)m 

2. (1.6 + 0.8) cm 

3. (1) 

4. (55.4 + 26.4) cm? 
5. +12% 


6. (4.0 + 0.3) m/s 


|__| BEGINNER'S BOX-7 | 


1. 0.005 cm 
2. 0.005 mm 


3. 2.5 x 10^ cm 
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EXERCISE-I (Conceptual Questions) 


UNIT 8. Which of the following is not the unit of time ? 
1. Which of the following system of units is not based (1) Micro second (2) leap year 
on units of mass, length and time alone ? (3) Lunar month (4) Parallactic second 
(1) SI (2) MKS (3) FPS (4)CGS | 9. Which of the following is smallest unit 
2. Which of the following quantity is unitless ? (1) Millimetre (2) Angstrom 
(1) Velocity gradient (2) Pressure gradient (3) Fermi (4) Metre 
(3) Displacement gradient (4) Force gradient 10. E gena D 
3. The fundamental unit which has same power in the i 
. . . (1) 1 cal = 4.18 joules 
dimensional formula of surface tension and : " 
co-efficient of viscosity is (2) 1A - 107m 
(Mass  (2)Length  (3)Time ^ (4)None (3) 1 MeV = 1.6 x 10° joules 
4. The ratio of one micron to one nanometre is (4) 1 newton = 10 dynes 
(1) 103 (2) 103 (3) 106 (4) 104 11. Parsec' is the unit of = 
5. | Temperature can be expressed as a derived quantity (1) time 
in terms of which of the following ? (2) distance 
(1) Length and mass (3) frequency 
(2) Mass and time (4) angular acceleration 
(3) Length. mass and time 12. The ratio of the dimensions of Planck's constant and 
(4) None of these that of the moment of inertia is :- 
6. . Density of wood is 0.5 gm/cc in CGS system of units. (1) Velocity 
The corresponding value in MKS units is (2) Angular momentum 
(1) 500 (2)5 (3) 0.5 (4) 5000 (3) Time 
7. Match list I with list II and select the correct answer (4) Frequency 
by using the codes given below the lists DIMENSIONS 
List I List II 13. When a wave travels in a medium, the 
(Item) (Units of length) displacement of a particle located at distance x at 
A Distance between 1. Micron time t is given by y = a sin (bt — cx) where a, b and c 
are constants of the wave. The dimensions of b/c 
earth and stars 
are same as that of : 
B. Inter atomic 2. Angstrom 
; . : (1) wave velocity 
distance in a solid 
C. Size of nudeus 3. Light year (2) wave length 
D. Wavelength of 4. Fermi (3) wave amplitude 
Infrared Laser 5. Kilometre (4) wave frequency 
Codes 14. The dimensional formula of wave number is 
S B e p (1) [MLT] 
(1) 5 4 2 1 
(2) [MLT] 
(2) 3 2 4 1 
(3) 5 2 4 3 SIMA 1 
(4) 3 4 1 2 (4) [MLT] 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


The method of dimensional analysis can be used to 
derive which of the following relations ? 22. The equation of a wave is given by Y = Asin d: - k) 
(1) Nye ^ (2) A sin(ot + kx) 
where œ is the angular velocity and v is the linear 
(3) 5 Fae 5 lo? (4) None of the above velocity. The dimensions of k is 
(1) [LT] (2) [T] 

Which of the following does not have the dimensions (3) [TA] (4) [T7] 
of force ? 23. The time dependence of a physical quantity P is 
(1) Potential gradient given by P = P, exp(-a t?), where a is a constant 
(2) Energy gradient and t is time. The constant a 
(3) Weight (1)is dimensionless 
(4) Rate of change of momentum (2) has dimensions [T7] 
Which of the following is incorrect statement (3) has dimensions of P 
(1) A dimensionally correct equation may be correct (4) has dimensions [T?] 
(2) A dimensionally correct equation may be incorrect | 24. The dimensional formula of angular velocity is 
(3) A dimensionally incorrect equation may be correct (1) [M°L°T-] (2) [MLT] 
(4) A dimensionally incorrect equation is incorrect (3) [M°L°T?] (4) [ML°T] 
A dimensionless quantity 25. The equation of state of some gases can be 
(1) Never has a unit (2) Always has a unit 
(3) May have a unit (4) Does not exist GEDI s [P x ay B SRBD, where Puls 
Pass QUARE the pressure, V is the volume, T is the absolute 
(1) Does not exist temperature and a, b & R are constants. The 
(2) Always has a nonzero dimension dimensions of 'a' are :- 
(3) Never has a nonzero dimension (1) [ML5 T] (2) [M L T7] 
(4) May have a nonzero dimension (3) [L3] (4) [L5] 
Which of the following is incorrect ? 26. AforceF is given by F = at + bt?, where t is time. 
(1) All derived quantities may be represented The dimensions of a and b are 

dimensionally in terms of the base quantities (1) M L T3] and [M L T4] 
(2) A base quantity cannot be represented 

dimensionally in terms of other base quantities (2) [ML T“] and IMLT*] 
(3) The dimension of a derived quantity is never (3) [ML T7] and [ML T] 

zero in any base quantity (4) [M L T] and [M L T*] 
(4) ‘The dimension of a base quantity in other base 27. If the energy E = Grha c' where G is the universal 

TERNOS IS always zeri; gravitational constant, h is the Planck's constant 
Two physical quantities of which one is a vector and and c is the velocity of light, then the values of 
the other is a scalar having the same dimensional p. q and r are, respectivley 
formula are : 
(1) Work and energy Medie 
(2) Torque and work 2) 1/2, -1/2 and —2 
(3) Impulse and momentum (3) -1/2,1/2 and 3/2 
(4) Power and pressure (4) 1/2, 1/2 and -3/2 
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28. 


29. 


30. 


31. 


32. 


33. 


34. 


Match list I with II and select the correct answer : 
ERRORS 
(A) spring constant (1) M! L? T? 
Mp 35. A quantity is represented by X = M? I^ Te, The 
(B) pascal (2) MDT percentage error in measurement of M, L and T 
(C) hertz (33M! D^ T? are a%, p 96 and y 96 respectively. The percentage 
(D) joule (4) M! L+ T? error in X would be 
Codes (1) (aa + Bb + yc) 96 
A B C D (2) (aa — Bb + yc) 96 
(1) 3 4 2 1 (3) (a a — Bb- yc) 96 
(2) 4 3 1 2 (4) None of these 
(3) 4 3 2 1 36. An experiment measures quantities a, b and c, and 
4) 3 4 1 2 X is calculated from X = ab?/c?. If the percentage 
; 9 
Which of the following pairs does not have similar BED, DENE ate aay and SAN 
: : respectively, the percentage error in X will be — 
dimensions? 
(1) Tension and surface tension (1) +13% (2) +7% 
(2) Stress and pressure (3) +4% (4) +1% 
, 37. Zero error of an instrument introduces 
(3) Planck's constant and angular momentum 
i F (1) Systematic errors (2) Random errors 
4) A trai 
(Angle and eran (3) Both (4) None of these 
The dimensions of torque are: 38. What is the fractional error in g calculated from 
3[ -3 -1T-1 
(1) [ML*L™] (2) IMLT] T =2n,/¢/g ? Given that fractional errors in T and 
(3) IM/T7] (4) [ML] 
f are txand ty respectively. 
Usi M), length (L), time (T) and t (A 
sing mass (M), leng ( ) ime ( jen one (A) "sees Oey 
as fundamental quantities, the dimensions of "T dd 
permeability are : LANE RU 
INITA amaran 39. A thin copper wire of length / metre increases in 
(1) | (2) [ | length by 2% when heated through 10°C. What is 
(3) [MLT?A~] (4) [MLT-!A7}] the percentage increase in area when a square 
Dimensions of relative density is ied sheet of length / metre is heated through 
D ko m? E: 
(1) ka m (2) [ML] (1) 496 (2) 896 
(3) dimensionless (4) [M^ L 6] (3) 1696 (4) None of these 
The dimensions of universal gravitational constant V 
FM 40. The resistance is R = T where V = (100 + 5) volt 
and I = (10 + 0.2) ampere. What is the total error 
(1) IMD?T 7] (2) [MLT] 
in R? 
(3) [MLT] (4) [M?D?T?] (1) 5 96 (2) 7 96 
If dimensions of A and B are different, then which B 
2% 415) % 
of the following operation is valid ? Ole 2 (4) 2) ^ 
41. If error in measuring diameter of a circle is 4 96, 
A . . . m 
(1) = (2) e-^/B the error in circumference of the circle would be : 
(1) 2% (2) 8% 
(3) A-B (4) A+ B (3) 4% (4) 1% 
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42. 


43. 


44. 


45. 


46. 


47. 


The external and internal radius of a hollow cylinder | 48. The error in measuring the side of a cube is +1%. 
are measured to be (4.23 + 0.01) cm and The error in the calculation of the volume of the 
(3.89 + 0.01)cm. The thickness of the wall of the cube will be about 
cylinder is :- (1) +0.001 % (2)+1% 
(1) (0.34 + 0.02) cm (3) +6 % (4) x3 96 
(2) (0.17 + 0.02) cm 49. When a copper sphere is heated, maximum 
percentage change will be observed in- 
(3) (0.17 + 0.01) cm 
(1) radius (2) area 
(4) (0.34 + 0.01) cm (3) volume (4) none of these 
Percentage ANA a ma 50. The resistance R of a wire is given by the relation 
of a solid sphere are 2% & 1% respectively. Then of 
error in measurement of moment of inertia about R= pani . Percentage error in the measurement 
to its diameter is :- of p, Land r is 196, 2 96 and 3 96 respectively. Then 
(1) 3 96 (2) 6 96 the percentage error in the measurement of R is 
(3) 5 96 (4) 4 96 (1) 696 (2) 996 
The heat generated in a circuit is dependent upon (3) 896 (4) 1096 
the resistance, current and time for which the | 51. Which of the following has the highest number of 
current is flown. If the error in measuring the above significant figures ? 
are as 196, 296 and 196 the maximum error in (1) 0.007 m2 (2) 2.64 x 10?* kg 
measuring heat will be (3) 0.0006032 m? (4) 6.3200 J 
(1) 296 (2) 396 
3,52 
(3) 6% (4) 1% 52. A physical quantity X is given by X = mds The 
The percentage errors in the measurement of mass 
and speed are 296 and 396 respectively. How much percentage error in the measurements of k,/, m 
will be the maximum error in the estimate of kinetic and n are 196, 296, 396 and 496 respectively. The 
energy obtained by measuring mass and speed ? value of X is uncertain by 
(1) 11 96 (2) 8 96 (1) 8 96 (2) 10 96 
(3) 5 96 (4) 1 96 (3) 12 96 (4) None 
While measuring acceleration due to gravity by a | MEASUREMENT 
simple pendulum a student makes a positive error | 53. In a vernier callipers, N divisions of vernier scale 
of 196 in the length of the pendulum and a negative coincide with (N — 1) divisions of main scale (in which 
error of 396 in the value of the time period. His 1 division represents 1mm). The least count of the 
percentage error in the measurement of the value instrument in cm should be 
of g will be - (1)N (2)N-1 
(1) 2 96 (2) 4 96 
1 1 

3) 7 % 4) 10 % EL. EL 
ee eee (9) TON 4 N-I 
The pressure on a square plate is measured by 
measuring the force on the plate and the length of | 54. A vernier callipers has 20 divisions on the vernier 
the sides of the plate. If the maximum error in the scale which coincide with 19 divisions on the main 
measurement of force and length are respectively scale. The least count of the instrument is 0.1 mm. 
496 and 296, the maximum error in the The main scale divisions are of 
measurement of pressure is — (1) 0.5 mm (2) 1 mm 
(1) 196 (2) 296 (3) 2 mm (4) 1/4 mm 
(3) 696 (4) 896 
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55. One centimetre on the main scale of vernier callipers se Ada dthed i 
a see Ng . tudent j reud 
is divided into ten equal parts. If 10 divisions of SIYEM b mea S Sancta Oba wire teing a 


vernier scale coincide with 8 small divisions of the screw gauge with least count 0.001 cm and listed 
: : . the measurements. The correct measurement is — 

main scale, the least count of the callipers is 

(1)0.01 cm (2) 0.02 cm ecm (2a aA em 

(3) 0.05 cm (4) 0.005 cm (3) 5.320 cm (4) 5.3200 cm 


EXERCISE-I (Conceptual Questions) ANSWER KEY 


Que] 1|2]|3,|,4,|5,6]|7]| 8 | 9 | to] 11 | 12 P 13 | 14 | 15 | 
Ans] 1 | 3 | 1| 1]4 |1[|2]|4 | 3 |4]|2]|4 | 1 | 3 | 4| 
Gue] 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 
Ans| 1 |3 | 3 | 3 | 3 | 2 | 2 | 2 | 1 | 1 | 12 | 1 ^ 1 | 1 | 3 | 


(Que. 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 
Ans| 3 | 3 | 4 1)]1|1 1,3 1)J2|3 1/|3/,3/,2 
(Que| 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 
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EXERCISE-II (Assertion & Reason) 


Directions for Assertion & Reason questions 


These questions consist of two statements each, printed as Assertion and Reason. While answering 
these Questions you are required to choose any one of the following four responses. 
(A) If both Assertion & Reason are True & the Reason isa correct explanation of the Assertion. 
(B) If both Assertion & Reason are True but Reason is not a correct explanation of the Assertion. 
(C) If Assertion is True but the Reason is False. 
(D) Ifboth Assertion & Reasonare false. 

1. Assertion : Gravitational forces do not depend on Assertion : If x and y are the distances along x 
the medium between the masses. and y axes respectively then the dimensions of 
Reason : Mediating particle responsible for d. " 
gravitational force is graviton. d ^ [ML TO] 

(1)A (2) B (3) C (4)D b 

2. Assertion : Electrostatic forces are attractive as Reason : Dimensions of J vax is [M°L?T° 
well as repulsive in nature. a 
Reason : Charges are positive and negative in WA 2) B NU ap 

i ` 3 P 3 Assertion : Force can be subtracted from 
E momentum. 
(1) A (2) B (3)C (4) D Reason : Physical quantities with different nature 

3. Assertion : Light year and year, both measure and dimensions can be subtracted. 
time. (1)A (2 B (3) C (4) D 
Reason : Light year is the time taken by the light Assertion : The equation y = 2x + t is physically 
to reach the earth from the sun. incorrect if x & y are distances and t is time. 

(1) A (2) B (3) C (4) D Reason : Quantities with different dimensions 
cannot be added or subtracted. 

4. Assertion : All derived quantities may be 


represented dimensionally in terms of the base 
quantities. 

Reason : The dimensions of a base quantity in other 
base quantities are always zero. 


(1)A (2) B (3) C (4) D 


(1) A (2) B (3) C (4) D 
Assertion :The unit vectors i,j and [; have units 


of distance and dimensions [M°L!T°]. 
Reason : The product of a scalar and a vector is 
a new scalar. 


(1)A (2) B (3) C (4) D 


EXERCISE-II (Assertion & Reason) 


Quel 1 | 2] 31415 /]6}]7] 8 | 


ANSWER KEY 


Ans] 2 | 1 | 4 | 2 | 2 | 4 | 1 | 4 | 
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APPENDIX 


SI PREFIXES 


The magnitudes of physical quantities vary over a wide range. The CGPM recommended standard prefixes for 
magnitude too large or too small so as to be expressed more compactly in certain powers of 10. 


Table 3 : Prefixes used for different powers of 10 


— LA ANAA | e | E | w | ei 
E a E TAA PN a 
10 — | tea | T | 10 | mh | m | 


|... 10* | mio | un | 
EE o | 10? | mno | n | 
(Cem RS IESUS UE NT UG 
|. 10 — | heo | h | 105 | tmo | f | 
| 10 | dea | da |  —10* | ato | a | 


General Guidelines for using Symbols for SI Units, Some other Units, and SI prefixes 


(i) 


(ii) 


(iii) 


(iv) 


Symbols for units of physical quantities are printed/written in Roman (upright type), and not in italics 
For Example : 1 N is correct but 1 Nis incorrect. 


(i) Unit is never written with capital initial letter if it is named after a scientist. 
For example : 
SI unit of force is newton (correct) not Newton (incorrect) 
(ii) For a unit named after a scientist, the symbol is a capital letter. 
But for other units, the symbol is NOT a capital letter. 


For example: force > newton (N) 
energy > joule (J) 
electric current > ampere (A) 
temperature > kelvin (K) 
frequency > hertz (Hz) 

For example : length > metre (m) 
mass > kilogram (kg) 
luminous intensity > candela (cd) 
time > second (s) 


Note: The single exception is L, for the unit litre. 


Symbols for units do not contain any final full stop at the end of recommended letter and remain unaltered in 
the plural, using only singular form of the unit. 
For example : 


25 cms 


Use of solidus ( / ) is recommended only for indicating a division of one letter unit symbol by another unit 
symbol. Not more than one solidus is used. 


For example : 


Correct Incorrect 
m / s? m/s/s 
kg/ms kg /m/s 
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(v) 


(vi) 


(vii) 


(viii) 


(ix) 


Prefix symbols are printed in roman (upright) type without spacing between the prefix symbol and the unit 
symbol. Thus certain approved prefixes written very close to the unit symbol are used to indicate decimal 
fractions or multiples of a SI unit, when it is inconveniently small or large. 


For example: [megawatt [1MW-10W =  ] 


centrimetre | 1 cm = 102 m 

kilometre 1 km- 105m 

millivolt 1mV-103V 
kilowatt-hour | 1 kWh = 109 Wh = 3.6 MJ = 3.6 x10°J 

microampere | 1 uA = 105A 
angstrom 1A-20.1nm-2-10?m 


nanosecond | 1 ns = 10?s 


picofarad" I pF= 10 F 
microsecond | 1 us = 10® s 


gigahertz 1 GHz = 10° Hz 
micron lum =10%m 


The unit ‘fermi’, equal to a femtometre or 1012 m has been used as the convenient length unit in nuclear 
studies. 


When a prefix is placed before the symbol of a unit, the combination of prefix and symbol is considered as a 
new symbol, for the unit, which can be raised to a positive or negative power without using brackets. These 
can be combined with other unit symbols to form compound unit. 


For example : 


| Quantity | Correct 1 | noret | 
(cm}?= (0.01 m)? - (107 m)3 2 10-5m? | 0.01 m? or 10? m? or 1 cm? 


3 
(mA)*= (0.001 A)*= (10? A)? = 10° A? 0.001 A? or mA? 


(a) A prefix is never used alone. It is always attached to a unit symbol and written or fixed before the unit 


symbol. 
For example : 10? / m? = 1000 /m? or 1000 m^, but not k/m? or k m^. 


Prefix symbol is written very close to the unit symbol without space between them, while unit symbols are 
written separately with spacing when units are multiplied together. 


For example : | Quantity | Coret — | Incorrect) 
1 ms! 


The use of double prefixes is avoided when single prefixe is available. 


Forexample: | Quantity | Correct Incorrect 
1 nm (nanometre) 1 mum (millimicrometre) 


10?$m 1 um (micron) 1 mmm (millimillimetre) 


1 pF (picofarad) 1 upF (micromicrofarad) 
10°W 1 GW (giga watt) 1 KMW (kilomegawatt) 


The use of a combination of unit and the symbols for units is avoided when the physical quantity is expressed 
by combining two or more units. 


e dome 
joule per mole Kelvin J/mol K or J mol! K | joule / mole K or J /mol Kelvin or J/mole K 


newton m second or N m second 
or N metre s or newton metre s 


newton metre second Nms 
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DIMENSIONAL FORMULAE OF PHYSICAL QUANTITIES 
Physical quantity Relationship with other Dimensional 
physical quantities formula 
Area Length x breadth [L?] [MO L? T° 
Volume Length x breadth x height [L3] [M°L2T°] 


Mass density Mass/volume [M]/[L3] or [M L5] [ML^T*?] 
Frequency 1/time period 1/[T] [M° L° T-!] 
Velocity, speed Displacement/time [LIT] [MOLT-N 
Acceleration Velocity /time [LT-]/[T] [M°LT~?] 
Force Mass x acceleration [M][LT7] [M LT] 
Impulse Force x time [M LT~][T] [M LT] 
Work, Energy Force x distance [MLT~][L] [M L? T] 
Power Work/time [ML? T-4/ [T] [ML? T] 
Momentum Mass x velocity [M] [LT] [MLT] 
Pressure, stress Force/area [MLT~]/[L?] [ML?T~?] 


Strain Change in dimension [L] / [L] or [LAVILA [M°L° T*] 


Original dimension 


Surface tension Force/length [MIT ~2/{L] [ML? T?] 


[MLIT] 
[Mor?T?] 


Modulus of elasticity Stress/strain [ML T7] 


Surface energy Energy/area [ML?T]/[L?] [ML?T?] 
Velocity gradient Velocity/distance [LT] / [L] [M°L°T-?] 
Pressure gradient Pressure/distance [(ML?T?]/{L] [ML?T~?] 
Pressure energy Pressure x volume [ML'T?] [L3] [ML? T7 


-2 
Coefficient of viscosity Force/(area x velocity gradient) | [MT?] | [ML-T] 
ESTEE E, 


Angle, Angular displacement Arc/radius [LIAL] [M°L°T°] 


Trigonometric ratio Length/length [L]/[L.] [M?L9?T*] 
Anguler velocity Angle/time [L?]/[T] [MLT] 
Angular acceleration Angular velocity/time [T+T] [M°L°T*] 
Radius of gyration Distance [L] [M°LT 

Moment of inertia Mass x (radius of gyration)? [M] [L?] [ML? T° 


Angular momentum Moment of inertia x angular [ML?] [T] [ML? T] 
velocity 


Moment of force (Couple) Force x distance [MLT~] [L] [ML? T2] 
Torque Angular momentum/time, [ML? TI] /[T] [ML? T2] 
Or Force x distance or [MLT~] [L] 
Angular frequency 2n x Frequency [T=] [M?L?T-1] 
Wavelength Distance [L] [M°LT°} 


Hubble constant Recession speed/distance [LT3]/[L] [MOLOTH] 
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Physical quantity Relationship with other Dimensional 
physical quantities formula 


Intensity of wave 
Radiation pressure Speed of light IMT?]/ALT-] [ML?T~] 


Energy density Energy/volume [ML? T2]/ [L3] [ML T] 


Reynold's number 
Critical velocity x coefficient of viscocity [M°L°T° ML T^] [M?LT"] 
Mass density x radius [ML] 


Escape velocity (2 xacceleration due to [LT?] 72x [L] [M?LT] 
gravity x earth's radius)!/? 
Kinetic energy (1/2) mass x (velocity)? [M] [LT3]? [ML2T2] 
Potential energy Mass Kacceleration [M] [LT ] [L] (ML? T7] 
due to gravity x height 
Rotational kinetic energy 1/2 xmoment of inertia [M?L?T?] [ML?] x [T-!P [ ML? T7] 
x (angular velocity) 


Efficiency Output work or energy [ML2T~? ] [M°L°T"] 


Input work or energy [MLT] 


Angular impulse Torque x time [ML?T~?] [T] [ML?T-] 


Force x (distance)? [(MLT~*[L?] 
Gravitational constant mass Xmass [M][M] [M!L°T-?] 
Planck constant Energy/frequency [ML? T3 /[T-1] [MLT] 
Heat capacity, entropy Heat energy /temperature [ML2T2]/]K] [ML?T?K"}] 


Heat Energy 
Specific heat capacity Mass x temperature [ML?T?]/[MI[K] [M9L?T-7K1] 
Latent heat Heat energy/mass [ML? T-?]/[M] [M°L?T~*] 


Thermal expansion coefficient Change in dimension [L]/[L][K] [M?L?K7!] 
or Thermal expansivity Original dimension xtemperature 


Heat Energy xthickness [MI?T ZIL] [MLT- Ki] 


Thermal conductivity 
Area xtemperaturextime [L^]TK]CT] 


3 -lT-2 
Volume x (Change in pressure) EIMC T7] 
Bulk modulus or (compressibility)! Changein volume [L3] [MLT] 


Centripetal acceleration (Velocity)?/radius [LT3T/[L] [MLT] 


(Energy / area x time) [ML?T~7] 
Stefan constant (Temperature)* [L^][TIK]4 [ML°T3K~4] 


Wien constant Wavelength x temperature [L] [K] [M°LT°K] 
Boltzmann constant Energy/temperature [ML?T7/[K] [ML?T?K] 
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Physical quantity Relationship with other Dimensi 
physical quantities onal formula 


Pressure x volume 


Universal gas constant 
mole x temperature 


(ML! T~?][L3] 
[mol][K] 


[ML?T ?K^ mot] 


Charge Current x time 


[AJ[T] 


[M°L°TA] 


Current density Current/area 


[A]/TL] 


[M?L? T°A] 


Voltage, electric potential, Work/charge 


electromotive force 


[ML?T ?/[AT] 


[ML? T? A7] 


Potential difference 


Resistance Current 


[MI?T3A-!] 
[A] 


[ML?T?2A?] 


Capacitance Charge/ potential difference 


[AT] 
[MI?T2A-!] 


[M3L?T*A?] 


Resistance xarea 


Electrical resistivity 


or (electrical conductivity) length 


[ML" T? A7]L3L] 


[MD'T? A7] 


Electric field Electrical force/charge [MLT7]/[AT] [MLT32A1] 


Electric flux Electric field x area 


[MLT2A"!][L?] 


[MD'T?2A"] 


Electric dipole moment Torque/electric field 


[MI?T?] 
[MLT 2A 1] 


[M°LTA] 


Electric field strength Potential difference 


or electric field intensity distance 


[METAT] 
IL] 


[MLTA7] 


Magnetic field, magnetic flux density, Force 
magnetic induction Current x length 


Magnetic flux Magnetic field x area 


IMLT [AIL] 


MTAL 


[ML?T?A"] 


[ML? T? A1] 


M tic fl 
Current 


[MI2T2A"] 
[A] 


[ML?T?A7?] 


Magnetic dipole moment Torque/magnetic field 


or current x area 


[ML?T7]/[IMT? A7] 
or [A] [L7] 


[M°L?T°A] 


Magnetic field strength, Magnetic moment 


magnetic intensity or magnetic Volume 


moment density 


Permittivity constant Charge x charge 


2 


(of free space) 4r x electricforce x (distance) 


LA] 
[L°] 


[AT][AT] 
[MLT-7][LP 


[M?L'T^A] 


[M-L?T* A?] 


Permeability constant 2n x force x distance 


(of free space) current x current x length 


Refractive index Speed of light in vacuum 


Speed of light in medium 


[MOLOTO][MLT ÎL] 


[A]A]IL] 


[LT ALT") 


[MLT A7] 


[M°L°T®] 


Faraday constant Avogadro constant x 


elementary charge 


[AT]/[mol] 


[M°L°TA mol") 
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Physical quantity Relationship with other Dimensional 
physical quantities formula 
Wave number 2n/ wavelength [M?L?T9?]/[L] [M9L-1T?] 
Radiant flux, Radiant power Energy emitted/time [ML?T7]/[T] [MLT] 
Luminosity of radiant flux Radiant power or [ML?T3]/[M9L?T*] [ML2T-3] 
radiant flux of source 
or radiant intensity Solid angle 


Luminous power or Luminous energy emitted (ML? T/T] [ML* T] 


luminous flux of source time 


Luminous intensity or Luminous flux [MI?T] [ML?T 3] 


illuminating power of source Soild angle [M?L?T?] 


Intensity of illumination Liminous intensity [ML2T-3]/[L7] [ML? T-3] 
(distance? 


or luminance 


Luminous flux of a source of given € 
wavelength and intensity [ML T ] 


luminous flux of peak sensitivity [MLT] 
wavelength (555 nm) source of 
same power 


Relative luminosity [M°L°T° 


Total luminous flux 
Luminous efficiency Total radiant flux (ML?T3]/[ML?T?] [M?L?T*] 


Luminous flux incident 


[MP?T3]/[L7] [ML?T?] 


Illuminance or illumination m 


Mass defect (sum of masses of nucleons)- [M] [ML?T*] 
(mass of the nucleus) 

Binding energy of Mass defect x (speed of light [M] [LT]? [ML?T~] 

nucleus in vacuum)? 

Decay constant 0.693/half life [T3] [M9L9?T-!] 


Resonant frequency (Inductance x capacitance) "2 IMI?T-2A?] tera? [M?L?A?T"!] 


Quality factor or Resonant frequency x inducatance [T-MI?T 2A 7] [M?L?T?] 
Q- factor of coil Resistance [ML2T 3A] 


Power of lens (Focal length)! [L!] [M9L T9] 


Image distance 
Magnification Object distance LV [M?L?T?] 


(n/8) (pressure) x (radius)? [ML?T-7jL^4] 
(viscosity coefficient) x length [MLT-HIL] 


Fluid flow rate [M°L3T-1] 


Capacitive reactance (Angular frequency x [T3?]4 [ML T^A?H [ML?T3A7] 
capacitance)! 


Inductive reactance (Angular frequency x [T3] [ML? T2A7] [ML?T2A7] 
inductance) 
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SOME IMPORTANT CONVERSION FACTORS 


ol 


1 
1 
1 
1 
1 
1 
1 


g 


m 100 cm = 1000 mm 
km = 0.6215 mi (mile) 
mi = 1609 m 
nm 
in 
ft 


LENGTH 


= 3.28 ft. 


i (nautical mile ) = 1852 m 


= 12 in = 30.48 cm. 
an radius = 0.529 A 


= 39.37 in = 1.0936 vd (yard) 


1 AU (Astronomical unit) = 1.49 x 10!! m (Average distance between sun and earth) 


1 ly (light year) = 


9.461 x 10 m (Distance travelled by light in vacuum in one year) 


1 parsec or parallactic second = 3.08 x 10m = 3.26 ly (Distance at which an arc of length 1AU subtends 
an angle of one second at a point) 


1 kg 
1 quintal 
1 ton 


1 metric tonne 


1 lb 

1 slug 

1 ounce 
1 amu 


MASS 
1000 g = 2.2 lb (pound) 
100 kg 
907.2 kg 
1000 kg = 106g 
454 g 
14.59 kg 
28.35 g 


uo n gm Ww wg Ww eal 


1 Chandra Shekhar Limit- 1.4 M... 


1.6606 x 102" kg = 931.5 MeV/c? 


= 108 m? (for measuring cross-sectional areas in sub-atomic particle collisions) 


0.6215 mi/h 
1.467 ft/s 
2.24 mi/h 


TIME 
lh = 60min = 3600s 
ld -24h = 1440 min = 86.4 x 10? s 
ly = 365.24 d = 31.56 x 10° s 
1 shake = 10° s 

AREA 
1n? = 10^ cm? 
1 km? = 0.386 mi? = 247 acres 
1 acre = 43,560 ft? = 4047m? = 0.4047 hectare 
1 hectare = 104 m? = 2.47 acres 
1 barn 

VOLUME 
ln? = 106cm? = 106cc = 10? L = 35.31 ft? 
1 gal (gallon) = 3.786 L (in U.S.A.) or 4.54 L (in U.K.) 
DENSITY 

1 kg/m? = 10? g/ cn? = 10? kg/L 

SPEED 
lkmh4 = 5/18 m/s or 0.2778 m/s = 
1 mi h? = 0.4470 m/s = 1.609 km/h = 
lms! = 18/5 km/h or 3.6 km/h = 

ACCELARATION 

g = 9.8 m/s? (MKS unit) = 980 cm/s? (CGS unit) = 32 ft/s? (FPS unit) 


New Delhi - 110074 


S @ Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 32 


9810934436 , 8076575278 , 8700391727 


ANGLE AND ANGULAR SPEED 


x rad = 180° 
1 rad = 180°7n or 57.30° 
1° = 1.745 x 107 rad = 60' = 1/360 revolution 
1 rev = 360° = 2n rad 
1' (min) = 60" (second) 
1 rev/min = 0.1047 rad/s z 0.1 rad/s 
1 rad/s = 9.549 rev/min 
FORCE 

1 N = 10° dyne = 7.23 poundal 
1 kg-wt = 1 kg-f = 9.8 N 
1 g-wt = 1 g-f = 980 dyne 
1 Ib-wt = 1 lb-f = 32 poundal 

PRESSURE 


1 Pa = 1 N/m? = 10 dyne/cm? 

1 bar = 10° Pa = 10° dyne/cm? 

1 atm= 1.01325 bar = 1.01 x 10° Pa = 1.01 x 10° dyne/cm? = 760 mm of Hg column 
1 torr = 1 mm of Hg column = 153.32 Pa 


WORK ENERGY 


1 J = 10’ erg = 0.239 cal . 1 cal = 4.186 J 

leV-21.6x 10°J ° 1 kWh = 3.6 MJ = 860 kcal 

1 amu = 931 MeV = 1.492 x 107? J ° 1 Btu (British thermal unit) = 1055 J 

POWER 
1 hp (horse power) = 745.7 W x 746W e 1 W (watt) = 1 J/s 
1 kW = 1000 W = 1.34 hp . 1 cal/s = 4.186 W 
TEMPERATURE 

K (kelvin) = [°C + 273] = [F + 459.67 ]/1.8 = °R/1.8 e F= Cx 9/54 32 

ELECTRIC CHARGE 


1C (coulomb) = 3 x 10° stat coulomb = 0.1 ab coulomb 
1 esu = 1 stat coulomb = 3.33 x 10719 coulomb 

1 emu = 1 ab coulomb = 10 coulomb 

1 A-h = 3600 C (coulomb) 


ELECTRIC CURRENT 
1 A (ampere)= 3 x 10? stat ampere (esu of current) = 0.1 ab ampere (emu of current) 
RADIOACTIVITY 


1 Bq (bacquerel) = 1 dps (disintegration per second) 
1 Ci (curie) = 3.7 x 10!° dps = 3.7 x 109? Bq = 3.7 x 104 Rd 
1 Rd (rutherford) = 10° dps = 10° Bq 


OTHERS 


1 weber = 108 maxwell (for Magnetic flux) 

1 T (tesla) = 1 weber/m? = 10* G (gauss) (for Magnetic flux density) 
1 orested= 79.554 A/m (for Intensity of Magnetic field) 

1 poiseuille (N-s/m? or Pa-s) = 10 poise (Dyne-s/cm?) ( for Viscosity) 
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SETS OF QUANTITIES HAVING SAME DIMENSIONS 


Quantities Dimensions 


Strain, refractive index, relative density, angle, solid angle, phase, [ M? L° T° 
distance gradient, relative permeability, relative permittivity, angle of contact, 

Reynolds number, coefficient of friction, mechanical equivalent of heat, 

electric susceptibility, etc. 


Mass [M! I? T° 


Momentum and impulse. [M'L' T1] 


Thrust, force, weight, tension, energy gradient. [M!L! T7 


Pressure, stress, Young's modulus, bulk modulus, shear modulus, [M! I2 T7 


modulus of rigidity, energy density. 


Angular momentum and Planck's constant (h). [ M! I? T1] 


Acceleration, g and gravitational field intensity. [ M° L! T7] 


Surface tension, free surface energy (energy per unit area), force gradient, [M!L? T7] 


spring constant. 


Latent heat and gravitational potential. [ M? L? TA] 


Thermal capacity, Boltzmann constant, entropy. [ ML? TKI 


Work, torque, internal energy, potential energy, kinetic energy, moment of 


2 


force, (q?/C), (LI), (qV), (V?C), (Prt), Ca, (VIt), (RT) [M! L? T7] 


q charge, C — capacitance, L — inductance, V— potential, 
r— resistance, | — current 
T temperature, t > time, R— gas constant 


Frequency, angular frequency, angular velocity, velocity gradient, 


" PER” 2 ( 1 J (+ 0 0 -1 
radioactivity of a sample, (5 >Re) Ute): [M° L9 T- 


L — inductance, R- resistance, C — capacitance 


"i (GJ (&) «o. to. inia [ M? L? T!] 


g k 


l — length, g — gravitational acceleration, k — spring constant 


(VI), (r), (V2/r), Power (r= resistance) 
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NUMERICAL CONSTANTS 


I. FUNDAMENTAL PHYSICAL CONSTANTS 


Symbol 


Speed of light 


0 


Value 


2.99792458 x 108 m/s 


Computational Value 


3.00 x 108 m/s 


Elementary charge 


1.60217653 x 10°? C 


1.60 x10" C 


Gravtitational constant 


6.6742 x 10! N-m?/kg? 


6.67 x 10! N-m?/kg? 


Universal gas constant 


8.314472 J/mol-K 


8.31 J/mol-K 


Avogadro's constant 


6.0221415 x 1028 molecules/mol 


6.02 x 109 molecules/mol 


Boltzmann constant 


|Z) D1 OQ) 0 


1.3806505 x 10 J/K 


1.38 x 1023 J/K 


Stefan-Boltzmann constant 


5.670400 x 108 W/m?-K* 


5.67 x 108 W/m*-K* 


Molar volume of ideal gas at STP” 


22.413996 litre/mol 


22.4 litre/mol 


Planck's constant 


6.6260693 x 1024 J-s 


6.62 x 1024 J-s 


Mass of electron 


9.1093826 x 10?! kg 


9.11 x 10?! kg 


Mass of proton 


8/3|m.Ca 


5 


1.67262171 x 107” kg 


1.67 x 102 kg 


Mass of neutron 


3 


5 


1.67492728 x 10 kg 


1.68 x 10’ kg 


Permeability of free space 


4x x 107 Wb/A-m 


1.27 x 10° Wb/A-m 


Permittivity of free space 


sz 


-— 


8.85418781762 x 10? C?/N-m* 


8.987551787 x 10? N-m?/C? 


8.85 x 10? C?/N-m? 


9.0 x 10? N-m?/C? 


* STP means standard temperature and pressure : 


O*C and 1.0 atm 


IIL.OTHER USEFUL PHYSICAL CONSTANTS 


Name 


Value 


Computational Value 


Mechanical equivalent of heat 


4.186 J/cal 


4.2 J/cal 


Standard atmospheric pressure 


1.01325 x 105 Pa 


1.013 x 10° Pa 


Absolute zero 


-273.15° C 


-273° C 


Electron volt 


1.60217653 x 10? J 


1.60 x10 J 


Atomic mass unit 


Ratio of proton mass to electron mass 


1.66053886 x 102" kg 


1836.1526675 


1.66 x 10’ kg 


1840 


Electron charge to mass ratio 


1.758820174 x 10!! C/kg 


1.76 x 101! C/kg 


Bohr magneton 


Rydberg constant 


9.27400899 x 1024 J/T 


1.097373156 x 107 m 


9.2 x 10* J/T 


1.10 x 107 m 


Energy equivalent of 1 u 


931.49404 MeV 


931.5 MeV 


Acceleration due to gravity (standard) 


9.80665 m/s? 
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9.81 m/s? 
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SI Base Quantities and Units 
SI Units 


Base Quantity 


Length meter m The meter is the length of the path traveled by light in vacuum during 
a time interval of 1/(299, 792, 458) of a second (1983) 


Mass kilogram kg The kilogram is equal to the mass of the intemational prototype of the 
kilogram (a platinum-iridium alloy cylinder) kept at International Bureau 
of Weights and Measures, at Sevres, near Paris, France. (1889) 

Time second s The second is the duration of 9, 192, 631, 770 periods of the 
radiation corresponding to the transition between the two hyperfine 
levels of the ground state of the cesium-133 atom (1967) 


Electric Current | ampere A The ampere is that constant current which, if maintained in two 
straight parallel conductors of infinite length, of negligible circular 
cross-section, and placed 1 metre apart in vacuum, would produce 
between these conductors a force equal to 2 x 10’ Newton per metre 
of length. (1948) 


Thermodynamic kelvin K The kelvin, is the fraction 1/273.16 of the thermodynamic 
Temperature temperature of the triple point of water. (1967) 
Amount of mole mol The mole is the amount of substance of a system, which contains as 
Substance many elementary entities as there are atoms in 0.012 kilogram of 
carbon-12. (1971) 


Luminous candela Cd The candela is the luminous intensity, in a given direction, of a source 

Intensity that emits monochromatic radiation of frequency 540 x 10” hertz 
and that has a radiant intensity in that direction of 1/683 watt per 
steradian (1979). 


Note :- On November 16, 2018 at the General Conference on Weights and Measure (GCWM) the 130 years old 
definition of kilogram was changed forever. It will now defined in terms of plank's constant. It will adopted on 
20 May, 2019 (World Metrology Day - 20 May). The new definition of kg involves accurate weighing machine called 
"Kibble balance". 
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